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Time correlated single photon counting S18 Transmission electron microscopy (TEM) measurements were performed on a probe-corrected FEI Titan Themis 60-300 kV (FEI Company/Thermo Fisher Scientic Inc., USA) electron microscope equipped with a Super-X windowless EDX (four quadrant SDD EDX detection) and a X-FEG high-brightness gun with monochromator (energy spread <0.2 eV). Scanning electron microscopy (SEM) measurements were performed on a FEI Helios NanoLab G3 UC electron microscope (FEI Company/Thermo Fisher Scientic Inc., USA) with a X-MaxN EDX detector (Oxford Instruments, UK). The samples were mounted on sample carriers with a sticky carbon support and sputtered with carbon on a Bal-Tec MED 020 coating system.
UV-Vis spectra were recorded using a Perkin-Elmer Lambda 1050 spectrometer equipped with a 150 mm integrating sphere. Diffuse reflectance spectra were collected with a Praying Mantis (Harrick) accessory and were referenced to barium sulfate powder as white standard.
Photoluminescence (PL) measurements were performed using a home-built setup consisting of a Horiba Jobin Yvon iHR 320 monochromator equipped with a photomultiplier tube and a liquid N2-cooled InGaAs detector. The samples were illuminated with a pulsed (83 Hz) 365 nm or 405 nm LED at a light intensity of 500 mW cm
Time-resolved PL measurements were acquired using a time correlated single photon counting (TCSPC) setup (FluoTime 300, PicoQuant GmbH). The samples were photo-excited using lasers with suitable wavelengths according to the sample absorption, i.e. 378 nm, 403 nm or 507 nm wavelength (LDH-P-C-375, LDH-P-C-405, and LDH-P-C-510, respectively, all from PicoQuant GmbH) pulsed at 500 kHz, with a pulse duration of ~100 ps and fluence of ~300 nJcm -2 /pulse. The samples were exposed to the pulsed light source set at 3 μJcm -2 /pulse fluence for ~10 minutes prior to measurement to ensure stable sample emission. The PL was collected using a high-resolution monochromator and photomultiplier detector assembly (PMA-C 192-N-M, PicoQuant GmbH).
Differential pulse voltammetry (DPV) was measured using 50 μM solutions of the starting materials in acetonitrile or in a mixture of acetonitrile and dioxane (8 Vol%), with 0.1 M tetrabutylammonium hexafluorophosphate as electrolyte and 0.1 mM ferrocene as internal reference. Measurements were performed with a Metrohm Autolab PGSTAT302N potentiostat, using Pt wires as the working electrode and counter electrode and a saturated Ag/AgCl reference electrode (Sigma Aldrich, 0.197 V vs. SHE). The potential window was from −1.8 V up to 1.4 V with a modulation amplitude of 0.005 V, modulation time of 0.05 s and an interval time of 0.5 s.
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Section 2: Syntheses
The reaction conditions for all COF syntheses were optimized in a screening program concering solvents, solvent ratio, concentration and volume of the acid, temperature and reaction time.
TT-Por COF
For the synthesis of TT-Por COF, 13.5 mg of 5,10,15,20-(tetra-4-aminophenyl)porphyrin, further mentioned as compound 1 (0.02 mmol, 1 equiv.) and 7.9 mg of thieno[3,2-b]thiophene-2,5-dicarboxaldehyde, further referred to as TT (0.04 mmol, 2 equiv.) were added to a 10 mL Schott culture tube with screw cap and dispersed in a solvent mixture of benzyl alcohol, odichlorobenzene and 6 M acetic acid (30:10:4 v:v:v, 550 µL). The tube was placed in an oven at 120 °C for 72 h. After the time had elapsed, the reaction mixture was allowed to cool down to room temperature and the resulting powder was then collected by filtration through a Hirsch funnel. After washing the product three times with dry 1,4-dioxane, it was dried under vacuum, followed by CO2-extraction to furnish TT-Por COF as a black powder at a high yield of 75%.
Elemental analysis (calculated, found for C60H89N8S4): C (72.41, 68.68), H (3.44, 3.86), N (11.26, 10.14), S (12.89, 11.12).
COF-366
13.5 mg compound 1 (0.02 mmol, 1 equiv.) and 5.36 mg of terephthalaldehyde (0.04 mmol, 2 equiv.) were dispersed in a solvent mixture of benzyl alcohol, mesitylene and 6 M acetic acid (10:20:3 v:v:v, 550 µL) in a 10 mL Schott culture tube with screw cap. The tube was heated in an oven at 120 °C for 72 h. After cooling down, the product was isolated by filtration, followed by three washing cycles with 1,4-dioxane. The dark purple product was dried under reduced pressure, followed by CO2-extraction to furnish COF-366 as a brownish, black powder at a high yield of 76%. 
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Section 3: Simulations
To determine the crystal structure of the obtained products, a powder diffraction pattern was calculated based on a simulated crystal structure. The unit cell was constructed using the Materials Studio software and optimized by force field calculations. Due to the non-planar porphyrin building block, the unit cell is limited to a triclinic P1 symmetry in the case of a stacked staircase structure and to P4 symmetry for an eclipsed arrangement. The comparison of the calculated pattern with the experimental data identified the obtained structure as staircase stacked TT-Por COF.
DFT calculations were performed using Vienna Ab initio Simulation Package (VASP) 1 code, which employs a plane-wave basis set and the projector augmented-wave method 2 . The applied Perdew-Burke-Ernzerhof exchange-correlation functional 3 was supplemented by the D3 van der Waals correction 4 (including Becke-Johnson damping) 5 to take dispersive forces into account. The energy cutoff for the plane-wave basis-set was set to 415 eV. The Brillouin zone (BZ) was sampled by 2×2×6 MonkhorstPack k-point grids 6 . Electronic structures and geometries converged below 1×10 -7 eV and 0.01 eVÅ -1 with respect to total energies and forces acting on ions, respectively.
All semiempirical calculations were performed in the EMPIRE program. The unit cell was optimised in the way of manual scan over each of 6 transition vectors while the structure was optimised within each point of this scan. The last 3 vectors are particulary important, as they are defining interlayer distance and a split visible in XRD data. These values are also affected the strongest by varying of Hamiltonian and switching the Grimme correction on and off.
Optimized structures within the optimized unit cell are listed in Tables S1 and S3 .
Force-field-based simulated annealing was performed using Dreiding force-field 7 in LAMMPS computational package. 8 Supercells were built as 10×10×10 and 5×5×40 unit cells. Calculations included relaxation, MD at constant temperature 300 K for 1 nanosecond (timestep 1 femtosecond) and 5 time gradual heating and cooling from 300 K to 800 K and back in 2 milions steps during 2 nanoseconds. Thus, the total length of the annealing simulation is 10 nanoseconds. Each of the annealed structures was kept one nanosecond longer in MD simulation under the constant temperature to ensure that total energy did not decrease or significant geometry shifts did not occur, respectively. XRD data for these structures were computed with 2Theta values in the range from 2.0° to 45°, with the most interesting area (2-8°) plotted in the main text of the article. Heating to higher temperature as well as more rapid cooling were tested on the smaller supercells. Among the obtained snapshots we found structures with very significant slicing of one layer or blocking of few layers with respect to the rest of the layers. This results in additional XRD peaks that are different for each structure with this kind of defects and do not occur in experimental patterns. However, experimental spectra have a significantly higher level of noise than predicted from simulation described above, thus this kind of defects has not to be excluded. 
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Section 4: X-Ray diffraction COF-366 was analyzed via PXRD, revealing a crystalline framework. Figure S1 . Experimental PXRD data (black dots) of the COF-366. Pawley refinement (red line) using the P1 symmetric structure model shown on the right provides a very good fit to the experimental pattern (difference shown in light grey). The simulated crystal structure of COF-366 (grey line) is in good agreement with the experimental and the refined data, respectively. Differences in the peak intensities, in particular the altered intensity ratios between lower-and higher-angle reflections, may be caused by small oligomeric fragments trapped in the large COF pores (the attenuation of peak intensities due to this will be strongest at small 2θ angles).
OMe-Por COF and 2P-Por COF was analyzed via PXRD, revealing a crystalline framework. Figure S2 . Experimental PXRD data (black dots) of the OMe-Por COF. Pawley refinement (red line) using the P1 symmetric structure model shown on the right provides a very good fit to the experimental pattern (difference shown in light grey). The simulated crystal structure of OMe-Por COF (grey line) is in good agreement with the experimental and the refined data, respectively. Differences in the peak intensities, in particular the altered intensity ratios between lower-and higher-angle reflections, may be caused by small oligomeric fragments trapped in the large COF pores (the attenuation of peak intensities due to this will be strongest at small 2θ angles). Figure S3 . Experimental PXRD data (black dots) of the 2P-Por COF. Pawley refinement (red line) using the P1 symmetric structure model shown on the right provides a good fit to the experimental pattern (difference shown in light grey). The simulated crystal structure of 2P-Por COF (grey line) is in reasonable agreement with the experimental and the refined data. Differences in the peak intensities, in particular the altered intensity ratios between lower-and higher-angle reflections, may be caused by small oligomeric fragments trapped in the large COF pores (the attenuation of peak intensities due to this will be strongest at small 2θ angles).
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Section 5: IR spectroscopy
The successful formation of the imine-linked TT-Por COF was confirmed by Fourier transform infrared (FTIR) spectroscopy. Consistent with previously reported COFs, the appearance of the characteristic C=N stretching mode at 1581 cm −1 indicates the coupling of the monomers via imine bonds ( Figure S4 ). The lack of the aldehyde Fermi double resonance at 2841 and 2755 cm −1 as well as the aldehyde C=O stretching vibration at 1652 cm −1 suggests the complete consumption of the starting material TT-dialdehyde. Furthermore, the attenuation of the characteristic C-N stretching mode at 1285 cm −1 indicates the absence of the second starting material porphyrin-tetraphenylamine. Furthermore, the successful synthesis of OMe-Por COF, COF-366 and 2P-Por COF was confirmed by FTIR spectroscopy. As seen in the spectra ( Figure S5-S7) , the lack of the aldehyde Fermi double resonance between 2750 cm −1 and 2850 cm −1 as well as the aldehyde C=O stretching vibration at 1669 cm , respectively, suggests the complete consumption of the starting dialdehyde material (terephthalaldehyde, 2,5-dimethoxybenzene-1,4-dicarboxaldehyde and 4,4'-biphenyldicarboxaldehyde, respectively). Additionally, the attenuation of the characteristic C-N stretching mode at 1252 cm , respectively, is characteristic for the formation of imine bonds within the COF material and indicates the successful Schiff base reaction of the monomers. 
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Section 7: Time correlated single photon counting
The tri-exponential fit of the TCSPC histogram for TT-Por COF revealed long decay times of 4.90 ns (16.4%) and also two fast components with lifetimes of 0.55 ns (38.1%) and 0.15 ns (45.5%). Quenching by the imine bond weakens the PL intensity compared to the starting materials. Internal conversion involving bond rotation results in the deactivation of the singlet excited state which is primarily the reason for PL quenching in imines. [11] [12] Figure S13 When comparing the lifetimes it is obvious that the TT-Por COF reveals the longest PL decay. In addition, the fractional intensity of the longest lifetimes is, with 16.4%, significantly higher for the TT-Por COF than the fractional intensities of OMe-Por COF, COF-366 and 2P-Por COF. Hence, the optoelectronic behavior of the TT-Por COF seems to be substantially different, which is attributed to different structural features indicated by the distinct peak splitting in the XRD data for the TT-Por COF compared to the other three COFs. S19 Table S6 . PL decay times of TT-Por COF, OMe-Por COF, COF-366 and 2P-Por COF. The given errors are uncertainties from the fit and hence do not reflect the real time-resolution of the setup. The latter is limited by the laser pulse duration of around 100 ps. The PL lifetime was also measured for the two starting materials TT and (1) by illumination at 405 nm and 508 nm, respectively, with a pump fluence of ~0.99 nJcm -2 ; the emission was monitored at the maximum of the PL emission at 550 nm for TT and at 800 nm for (1). Furthermore, TCSPC measurements were performed for the starting materials in dilute solutions of dioxane (50 µM), in which the monomers exist as individual molecules and intermolecular interactions can be neglected. It can be observed that the two starting materials TT and (1) observed as solvated molecules in dilute solutions have very long PL decay times, which when aggregated in a solid reduce to the order of 1 ns. This was also reported for porphyrin derivatives, which reveal shorter lifetimes when a J-aggregate behavior of the porphyrin stacks in the solid phase exists. 13 When embedding (1) in a COF, the decay lifetimes far exceed those of the solid compound (1), but do not reach the PL lifetimes of the individual molecules in dilute solution.
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Figure S15: (a) PL decay of compound (1) in dilute solutions of dioxane (50 µM) excited at 508 nm and measured at the maximum of the PL emission at 680 nm. (b) PL decay of TT in in dilute solutions of dioxane (50 µM) excited at 378 nm and measured at the maximum of the PL emission at 495 nm. Experimental decay: black dots, tri-exponential fit of the decay: red line. Table S8 : PL decay times of the COF starting materials (1) and TT in dilute solutions of dioxane (50 µM). The given errors are uncertainties from the fit and hence do not reflect the real time-resolution of the setup. The latter is limited by the laser pulse duration of around 100 ps. Differential pulse voltammetry was performed to obtain the energy levels of the HOMO from the different starting materials ( Figure S16 ). The monomers were analyzed in dilute solutions of dioxane (50 µM) such that the starting materials exist as individual molecules, and interactions with other molecules are minimized. As a result, the measurement reveals the HOMO level of the solvated molecule. To identify the LUMO, Tauc plots were generated from the UV-Vis spectra ( Figure S17 ) leading to the energy levels displayed in Figure S18 . 
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Section 9: Solid-state nuclear magnetic resonance
The formation of the imine bonds in the COF can be confirmed by solid-state nuclear magnetic resonance (ssNMR). In the 13 C solid-state NMR only the carbons next to protons can be seen due to the cross-polarization. In the spectrum only four main broad peaks are clearly visible but there are some shoulders that can be attributed to other signals ( Figure S19) . The peak at 146 ppm can be attributed to C4 in the imine bonds arising from COF formation. For the TT unit only C5 is visible, appearing in the spectrum at 140 ppm. Furthermore, the phenyl carbons C2 and C3 are observed around 119 ppm and the side peak at 123 ppm. The carbons of the tetrapyrrole subunit are summarized under C1 and can be found at 131 ppm and the shoulder at 133 ppm. 
